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 2013 Elsevier B.V. All rights reserved.A recent crossed molecular beam study of the differential elastic
scattering cross section of Ne + Ne at a collision energy of 103 erg
has been reported [1] and the intermolecular potential proposed to
ﬁt the data provides rather good agreement with gaseous proper-
ties of neon, such as the second virial coefﬁcient and the thermal
diffusion factor [2]. This potential, whose form is given by a Morse
function joined to long range van der Waals terms by cubic spline
interpolation (MSV), has been used to calculate solid properties of
neon [3] such as the bulk modulus, zero-pressure energy and near-
est neighbor separation. Even with the inclusion of long range
three body interactions in the Monte Carlo calculations, the dis-
crepancy between the calculations and experimental data is quite
large, the results indicating that the depth of the van der Waals
well of the MSV potential is too large and rm, the location of the
minimum, is too small.
The fact that this scattering potential is in agreement with the
gaseous properties of neon but not those of the solid is not unex-
pected since the differential cross section was measured at a
reduced energy E/  15, which suggests that the data are sensitive
primarily to the low energy repulsion rather than the attractive
well. The bulk properties of gaseous neon are measured over the
temperature range 44–973 K, a range over which the data are sen-
sitive to the repulsion; in contrast, solid properties are quite sensi-
tive to detailed information about the attractive well.
To obtain more precise information on the Ne2 attractive inter-
action, the differential elastic scattering cross section has been
measured at a kinetic energy of 2.71  1014 erg, corresponding
to E/  5. In this note we report results of calculations of differen-
tial cross sections, the second virial coefﬁcient, and solid propertiesperformed with three potentials derived to ﬁt crystalline data of
neon and a potential which is derived from an analysis of scatter-
ing data.
The differential elastic scattering data were obtained with a
crossed molecular beam apparatus employing cryogenically cooled
nozzle beam sources as described elsewhere [4]. Two parametric
potential forms are chosen for calculations: a Lennard–Jones
(12,6) function, the parameters of which are obtained from a ﬁt
to the lattice spacing and binding energy of solid neon; and a
piecewise analytic form of exponential, Morse, and van der Waals
functions joined together with cubic spline interpolating polyno-
mials. This form, called ESMSV, was originally proposed to ﬁt he-
lium differential scattering data [1]. Because the properties of
solid neon are determined, by the attractive well, only the MSV
portion of the potential is ﬁtted to solid data and the exponential
terms of the scattering potential are joined on smoothly to the
van der Waals well. The long range force constants are those of
Starkschall and Gordon [5]; the short range behavior of the poten-
tial is constrained to fall within bounds deﬁned by several recent
theoretical studies of Ne2 [6–8] over the range of internuclear sep-
arations 1.6–2.1 Å.
Three ESMSV potentials are presented: ESMSV-I, derived from a
ﬁt to the scattering data; ESMSV-II, derived from ﬁts to the lattice
spacing, sublimation energy, and compressibility of neon assuming
that forces are pairwise additive; and ESMSV-III, determined from
the same solid properties, but including Axilrod—Teller—Muto
(ATM) three-body forces in the calculations.
Fig. 1 shows differential cross sections computed with the three
ESMSV potentials and the L.J. function; experimental data points
are shown for comparison. The L.J. potential is seen to provide a
very poor ﬁt to the data; the ESMSV potentials determined from
properties of solid neon yield cross sections very similar to that
calculated from the scattering potential. The two ESMSV solid
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Fig. 1. Differential cross sections computed with parametric potential functions.
Vertical dashed line at H = 45 denotes the point of symmetry of the cross section
for scattering of identical spinless bosons.
Table 1
Solid state properties of ESMSV-I potential at 0 K and lattice constant a = 4.46368 Å.
Binding
energy E (K)
Pressure
p (bar)
Bulk modulus
B (kbar)
(1) ESMSV-I pairwise additivity 233.9 261 11.57
(2) ATM, 3-body forces +7.5 +139 +0.56
(3) (1) + (2) 226.4 122 12.13
(4) expt. 224 ± 5 [15] 0 [16] 11.2 ± 0.2 [16]
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Fig. 3. Potential functions.
J.M. Farrar et al. / Chemical Physics Letters 589 (2013) 14–16 15potentials give cross sections which are indistinguishable from one
another, and hence a single curve is plotted. The best ﬁt to the scat-
tering data is provided by ESMSV-I.
Fig. 2 shows the results of calculations of the second virial coef-
ﬁcient [9–14] with all four potentials; the results with ESMSV-II
demonstrate that deviation from experiment is negative, suggest-
ing that the volume of the well is too small. Inclusion of three body
terms in the solid calculation increases the depth of the pair poten-
tial; ESMSV-III provides closer accord with virial coefﬁcient data.
The inclusion of three body terms is necessary in deriving the pair
potential from solid data. Both ESMSV-I and the L.J. potential pro-
vide rather good ﬁts to experiment; the high temperature results of
the latter suggest that the repulsive 12th power interaction may be
slightly ‘‘hard’’.200 400 600 800
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Fig. 2. Bexp.-Bcalc. for potential functions. Data of , Ref. [9]; M, RThe solid state properties for ESMSV-I are given in Table 1. The
agreement with experiment is good considering that no ﬁt to the
solid was made. Essentially perfect agreement could be obtained
by making rm smaller by less than 0.01 Å.200 400 600 800
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ef. [10]; j Ref. [11]; h, Ref. [12]; , Ref. [13]; }, Ref. [14].
Table 2
Potential parameters.
Potential  (1016 erg) rm (Å) b
L.J. (12.6) 50.47 3.127 —
ESMSV-I 59.0 3.11 6.32
ESMSV-II 56.2 3.114 6.28
ESMSV-III 58.0 3.102 6.27
16 J.M. Farrar et al. / Chemical Physics Letters 589 (2013) 14–16The potentials are plotted in Fig. 3 and , rm and b are listed in
Table 2. The ESMSV potentials have similar repulsive walls; the
well region of ESMSV-I compares favorably with that of ESMSV-
III, derived by including three-body terms in the solid calculations.
The L.J. function is seen to be ‘‘harder’’ in the repulsion but having a
more attractive long range tail. The good agreement between
ESMSV-I and III also indicates, as in Ar2 [17], that forces beyond
the three body interaction are likely very small. ESMSV-I and III
must be very close to the real neon pair potential.
Finally, we note that the vibrational level spacings of the ESMSV
potentials are 14.3, 13.6 and 14.0 cm1 respectively for I, II, and III
which is in excellent accord with the recent experimental ﬁnding
of Tanaka and Yoshino [18].
Further details of the scattering measurements and solid state
calculations will be reported in the future.
JMF and YTL wish to thank the U.S. Atomic Energy Commission
for support of this research. Their part of the work was alsosupported by a Dreyfus Teacher–Scholar Grant (to YTL) and the
Louis Block Fund of the University of Chicago. Also acknowledged
is the general support of the Materials Research Laboratory at the
University of Chicago by the National Science Foundation. MLK
and VVG would like to thank Professor E. Lüscher and the Deutsche
Forschungsgemeinschaft for supporting the solid state
calculations.
References
[1] P.E. Siska, J.M. Parson, T.P. Schafer, Y.T. Lee, J. Chem. Phys. 55 (1971) 5762.
[2] J.A. Barker, Chem. Phys. Letters 14 (1972) 242.
[3] M.L. Klein, Chem. Phys. Letters 18 (1973) 203.
[4] J.M. Farrar, Y.T. Lee, J. Chem. Phys. 56 (1972) 5801.
[5] G. Starkschall, R.G. Gordon, J. Chem. Phys. 54 (1971) 663;
G. Starkschall, R.G. Gordon, J. Chem. Phys. 56 (1972) 2801.
[6] T.L. Gilbert, A.C. Wahl, J. Chem. Phys. 47 (1967) 3425.
[7] R.G. Gordon, Y.S. Kim, J. Chem. Phys. 56 (1972) 3122.
[8] V.I. Gaydaenko, V.K. Nikulin, Chem. Phys. Letters 7 (1970) 360.
[9] C.A. Crommelin, J.P. Martinez, H. Kamerlingh Onnes, Commun. Phys. Lab. Univ.
Lciden 154a (1919).
[10] L. Holbom, J. Otto, Z. Physik 33 (1925) 1;
L. Holbom, J. Otto, Z. Physik 38 (1926) 359.
[11] G.A. Nicholson, W.G. Schneider, Can. J. Chem. 33 (1955) 589.
[12] A. Michels, T. Wassenaar, P. Louwerse, Physica 26 (1960) 539.
[13] R.M. Gibbons, Cryogenics 9 (1969) 251.
[14] A. Michel, R.O. Gibson, Ann. Phys. 87 (1928) 850.
[15] G.L. Pollack, Rev. Mod. Phys. 36 (1954) 748.
[16] D.N. Batchelder, D.L. Losee, R.O. Simmons, Phys. Rev. 162 (1967) 767.
[17] J.A. Barker, R.A. Fisher, R.O. Watts, Mol. Phys. 21 (1971) 657.
[18] Y. Tanaka, K. Yoshino, J. Chem. Phys. 57 (1972) 2964.
